In a German multicenter treatment study, 354 patients with schizophrenia and schizoafTective disorder were followed for 2 years. The data collected were taken as a basis for the present predictor study. For the first time, the technique of classification and regression tree (CART) analysis has been employed for this purpose. CART yielded informative data and appeared to be a useful instrument in predictor research. On the outcome variables "relapse" and "rehospitalization," significant predictor variables were found in several areas: neuroleptic treatment, onset and previous course (precipitating factors, first manifestation, hospitalization in the preceding year, suicide attempts), psychopathology (residual type, schizoaffective disorder), social adjustment (marital status, employment, intensity of life, Phillips score), previous life experiences (traumatic experiences and psychiatric or developmental disturbances in childhood), and biology (gender, age). Our investigation confirmed the generally prevalent views regarding the value of neuroleptic treatment, the multifactorial etiology, and the vulnerability stress model of schizophrenia.
The diagnosis "dementia praecox," a term coined at the beginning of this century by Kraepelin (1903) to stand for a group of profound mental disturbances that are known today as schizophrenia, was inescapably associated with a prognosis characterized by progressive deterioration. Since we now know that the course of schizophrenia is not that disastrous, with nearly 30 percent of the patients recovering completely or having a remission and another third suffering from only minor residual symptoms (Ciompi 1988) , a large number of investigations have been made in an attempt to predict the outcome of the disease.
Predictors were found in the following areas: onset and previous course (Vaillant 1964; Moller et al. 1982; Biehl et al. 1986; Buchkremer et al. 1991; Carpenter and Strauss 1991; Jonsson and Nyman 1991; Mortensen and Eaton 1994) , psychopathology (Vaillant 1964; Moller and von Zerssen 1985; Biehl et al. 1986; Carpenter and Strauss 1991; Jonsson and Nyman 1991; Geddes et al. 1994; Mortensen and Eaton 1994) , social adjustment (Moller et al. 1982; Biehl et al. 1986; Gaebel and Pietzcker 1987a; Buchkremer et al. 1991; Carpenter and Strauss 1991; Jonsson and Nyman 1991; Scottish Schizophrenia Research Group 1992; Beiser et al. 1994; Geddes et al. 1994) , premorbid personality (Vaillant 1964; Gittelman-Klein and Klein 1969; MSller and von Zerssen 1985; Jonsson and Nyman 1991) , emotional atmosphere in the family (Bebbington and Kuipers 1994) , and biological (genetic) factors (M511er et al. 1982; Angermeyer et al. 1989; Jonsson and Nyman 1991; Scottish Schizophrenia Research Group 1992; Beiser et al. 1994; Geddes et al. 1994; Mortensen and Eaton 1994) (table 1) . Additionally several predictor scales that explained up to 88 percent of the outcome variance were constructed (e.g., Moller et al. 1982; Buchkremer et al. 1991) .
Between 1983 and 1989 a prospective German multicenter study on neuroleptic treatment was conducted. For 2 years 364 schizophrenia patients were followed to compare the efficacy of neuroleptic maintenance treatment widi that of early intervention and of crisis intervention treatment with neuroleptics (Pietzcker et al. 1986 (Pietzcker et al. , 1993 . This study showed that maintenance treatment was significantly superior to the other two therapy strategies. Within the study framework, psychosocial data were collected, which, in view of the large sample size, were used for further investigation. After considering the results of previ- ous investigators, we used these data to select 27 predictor variables and correlated them with the well-documented outcome after the 2-year followup to find out whether significant predictors for relapse and rehospitalization would emerge. Since this study was not primarily undertaken to find predictors of outcome, but rather to compare the outcomes of different therapy strategies, some important predictor variables (e.g., expressed emotion, premorbid personality, work, and social functioning) are missing.
Patients and Methods
Between 1983 and 1987, 3,910 suspected schizophrenia cases were screened for recruitment into the study at the psychiatric departments and outpatient units at the universities of Berlin, Dtisseldorf, Gottingen, and Munich. During the initial recruitment phase, 3,481 cases (89%) of these patients were excluded (see table 2 for exclusion criteria). Sixty-five patients dropped out during the stabilization period; the remaining 364 patients entered the study after giving informed consent. 298.3, 298.4) (Spitzer et al. 1978) ; AMDP m Manual for the Assessment and Documentation of Psychopathology (Guy and Ban 1982) .
Schizophrenia was diagnosed according to International Classification of Diseases-Ninth Revision (ICD-9; World Health Organization 1978) criteria (295.0-295.4, 295.6-295.9, and 297.0-297.2 ) and the Research Diagnostic Criteria (RDC; Spitzer et al. 1978 ) for schizophrenia or schizoaffective disorder. The majority of the subjects were psychiatric inpatients at the university hospitals of Berlin, Dtisseldorf, Gottingen, and Munich, and a small group was recruited from the outpatient unit of the Berlin hospital. The recruiting centers did not differ on any important patient variables. After discharge, patients had to pass a 3-month stabilization phase, at the end of which psychopathology and medication had to be stable for 4 weeks before they were finally included in the study and followed up. Patients recruited from outpatient units had to meet the same criteria regarding stability of psychopathology and medication.
Three treatment strategies were used. Maintenance treatment represented the standard treatment, that is, continuous maintenance administration of neuroleptics in which the dosage was individually adjusted in accordance to the patient's clinical demands at a given time. However, a minimal neuroleptic dosage was maintained continu-ously, corresponding to at least 100 mg chlorpromazine equivalents per day. Early intervention treatment is defined as the targeted use of neuroleptics. This strategy consisted of complete, step-by-step discontinuation (50% every 2 weeks) of neuroleptic treatment after clinical stabilization. Neuroleptic treatment was, however, reintroduced as soon as prodromal symptoms-suspected predictors of impending relapse-occurred. Once restabilization was attained, the neuroleptics were again discontinued until prodromal symptoms reoccurred. Crisis intervention treatment also describes a temporally limited use of neuroleptics, beginning with the discontinuation of the medication in the above described way. However, in this strategy neuroleptic treatment was reinstalled only in case of a crisis, that is, full relapse (defined according to specified criteria) and was discontinued again after stabilization. Dropout patients did not receive any specific treatment protocol, but were administered a flexible dosage of neuroleptics according to their individual needs. The methods and results of the neuroleptic treatment study have been described in detail by Pietzcker et al. (1993) . For inclusion and exclusion criteria, see table 2.
After a 3-month stabilization phase, patients were randomly assigned to one of the three neuroleptic treatment strategies, and a 2-year followup was carried out. After randomization, the maintenance therapy group contained 122 patients, the early intervention group 127, and the crisis intervention group 115. The followups were carried out every 2 weeks at the beginning of the ambulant treatment period and later at least every 4 weeks. By means of a structured interview conducted by the colleagues of the research group, scores on the Brief Psychiatric Rating Scale (BPRS; Overall and Gorham 1962) , Global Assessment Scale (GAS; Endicott et al. 1976) , and Clinical Global Impression Scale (CGI; Guy 1976) as well as social situation and other data referring to the neuroleptic treatment and its side effects were collected Although 205 (56.3%) of the 364 patients who entered the study dropped out, only 10 of these could not be followed until the end of the 2-year followup period. The dropout rate was 42.6 percent in the maintenance treatment group, 59.8 percent in the early intervention group, and 67.0 percent in the crisis intervention group. For some patients the intervals between the followups at the outpatient units were longer than the prescribed 4-week period, but BPRS could be obtained by personal interviews at least every 12 weeks from each of the patients, including those who had dropped out. For dropout criteria see table 3.
The main reasons for excluding subjects from the study were lack of regular attendance and the impossibility of withdrawing neuroleptics within 6 months (required before the assigned therapy could be started).
Table 3. Dropout criteria

Dropout criteria
No contact with outpatient unit within 3 weeks after discharge Deficient cooperation or breaking-off by the patient:
-patient missing more than two followup dates -patient not showing up within 12 weeks after the foregoing followup date -patient noncompliant with the medication provided Death Severe side effects of neuroleptic treatment that make it necessary to discontinue the medication Occurrence of diseases other than schizophrenia and their corresponding treatment that influence neuroleptic therapy or psychopathology Organizational reasons (e.g., patients moving away) Change of diagnosis or misdiagnosis Occurrence of exclusion criteria Severe violation of the study protocol by members of the research group Fourth relapse that leads to admission to an inpatient unit Ethical reasons for a change of the provided neuroleptic therapy (e.g., if a different medication promises to be significantly more effective)
Dropout criteria for interval therapies Neuroleptic therapy cannot be discontinued within half a year Neuroleptic therapy cannot be discontinued for at least 4 weeks Nevertheless, the complete data needed for evaluation were available for 354 patients. Although they had to be excluded from the treatment study, 195 of the 205 dropout patients could be followed until the end of the evaluation. Thus, 354 patients with schizophrenia or schizoaffective disorder were included in the investigation. There were 189 female patients (53.4%). At the beginning of the evaluation period the mean age was 34.7 years (standard deviation [SD] = 9.2), with a mean disease duration of 7.2 years (SD = 7.5). The mean number of previous hospitalizations was 2.9 (SD = 1.3) with no significant differences between patients with schizophrenia and those with schizoaffective disorder. The percentage of first admissions was 31.6 percent; among these, acute schizophrenic episodes were more frequent and residual types less frequent than among the other patients. The mean BPRS rating was 28.3 (SD = 7.7) with 4.1 (SD = 1.8) for the psychosis factor. The mean GAS value was 63.5 (SD = 11.8), and the CGI score was 3.8 (SD = 1.2). For diagnoses according to ICD-9, see table 4. Relapse was operationalized by an increased value of the BPRS, psychosis factor (CIPS 1981) (hostile suspiciousness, thought disturbance, restlessness) of a 10, a decrease on the GAS of a 20, and an increase on the CGI (CIPS 1981) of :• 6. Additional instruments were used to record social adjustment: the Manual for the Assessment and Documentation of Psychopathology (AMDP) system parts 1-3 (Guy and Ban 1982)-a documentation scale of the current social status developed by the research group, a multidimensional outcome scale (Strauss and Carpenter 1972) , and an abbreviated form of the Phillips Rating Scale of Premorbid Adjustment in Schizophrenia (Harris 1975) . A psychosocial risk factor was defined that contained the AMDP items "death of mother/father," "separation from the parents," "divorce of the parents," and "a stay in a children's asylum." This risk factor can show values from 0 to 5 and was ascertained for different age groups.
In the present investigation, based on these data, 27 predictor variables were selected (table 5), and "relapse" and "rehospitalization" were used as outcome variables. None of the predictor variables mentioned in table 5 showed significant differences at a 5-percent level between the three treatment groups. A two-step statistical analysis was carried out: in a first step, univariate analysis of each single predictor variable with regard to the two outcome variables was performed (chi-square test), and in a second step a multivariate classification and regression tree (CART) analysis was carried out (Breiman et al. 1984 ) using the SAS (SAS Institute 1985) statistical program with a macro of our own for the CART analyses. In contrast to the parametric analysis of the Cox model or the logistic regression, CART analysis is a modern, quasi-picture-giving procedure in statistics. It may be considered as a nonparametric analysis of the relationship between the examined factors (Segal 1988) . The aim of the CART procedure is to divide the whole patient collective into subgroups defined by patient's characteristics in terms of their covariate values. These subgroups should be externally heterogeneous and internally as homoge- neous as possible with respect to the dependent outcome variable (for example "relapse" yes or no).
The factors investigated for construction of prognostic subgroups here are shown in table 5. Building the regression tree requires numerical variables to be categorized. Each possible splitting point of each possible prognostic factor is used to divide the patients into disjointed subgroups. All the possible partitions are investigated by comparing the chi-square statistic of the two resulting subgroups using the chi-square test. Mathematically this implies that the applied splitting algorithm uses the chisquare statistic as split statistic, and the split yielding the maximal chi-square statistic is implemented. This means the split-or cutpoint is that point that best separates the resulting subgroups with respect to the outcome variable.
The splitting criteria appear in Segal and Bloch (1989) , while details of the new tree technique and more complex issues are described by Segal (1988) .
The procedure starts with the entire sample of evaluable patients; thus, the present CART analysis includes 354 patients. It is then repeated separately in each resulting subsample until no further splitting is possible according to prespecified stopping rules. In the present analysis the procedure stops if significance of the chi-square statistic at the 5 percent level is not achieved or if one of the resulting subgroups contains fewer than 14 patients, which is 4 patients less than the root of n. Figures 1 and 2a and 2b display the binary trees where each node is positioned with respect to a scale representing prognosis in relapse and rehospitalization rates. In addition to the corresponding percentage, the resulting nodes in the tree contain the splitting condition and the group size.
In our analysis, the kind of medication strategy followed is a very important intervening variable with respect to outcome, and therefore it was made to an obligatory content of every calculation. As mentioned above, CART analysis consists of a large number of chi-square tests on every level of the CART tree. The more variables included in the calculation, the more chi-square statistics that have to be computed. Since in our analyses a 5 percent level of significance is the criterion for inclusion in the CART tree, there remains a small probability of each test being false positive. This possibility of chance findings, however, increases with the number of variables, and thus the number of chi-square tests in a CART analysis. We have to be aware of this potential hazard while interpreting CART analyses. Reduction of the level of significance to 1 percent reduces the probability of chance findings, but it does not exclude it, yet it does shorten the CART trees considerably. So far a method to exclude chance findings in CART analysis has not been described.
Results
The univariate analyses yielded several variables with predictive power (table 6). As was to be expected with regard to both outcome variables, medication was the variable with the lowest p values (p = 0.000, 0.001). Maintenance treatment led to a better outcome, crisis intervention treatment to a worse one. The relapse rate for the 206 dropout patients was 41.3 percent (n = 85); the rehospitalization rate was 33.0 percent (n = 68). These rates come closest to those of the early intervention group: 50 percent (n = 64) and 39 percent (n = 49). The respective rates in the crisis intervention group were higher, those in the maintenance treatment group, lower. Since dropouts appeared in all three groups, it is not surprising that relapse and rehospitalization rates are of mean size (table 7) . The diagnosis schizoaffective disorder turned out to be of significant negative impact on relapse and rehospitalization rate in the univariate analyses (see table 6 ). The mean BPRS score of the schizoaffective patients (n -48) at time point T o of our investigation was significantly lower than that of the other patients (p > 0.045). At the end of the 2-year evaluation period (T 2 ), this difference marginally failed to reach significance (p > 0.062). The mean difference of the BPRS scores at T o and T 2 did not show significant differences between these two subgroups. Although schizoaffective patients had lower BPRS scores at the beginning of the investigation and their BPRS scores had no significantly different changes compared with the other patients, they had more relapses and more hospitalizations. Surprisingly, a strong religious faith was connected with a worse outcome. The diagnosis of residual type decreased the risk of relapse, and precipitating factors showed the same tendency, but both failed to reach significance (p = 0.052). Female gender, age more than 40 years, and no hospitalization within the preceding year decreased the rehospitalization rate, while a suicide attempt in the case history increased it A psychosocial risk factor of a 1 for the age interval 0 to 5 years tended to show an increased rehospitalization rate (p = 0.06).
The CART analyses (figures 1, and 2a and 2b) yielded a wealth of information. As mentioned previously, medication was obligatorily put at the first level of analysis. Generally, patients on maintenance treatment had a 
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better prognosis with regard to relapse rate, especially if they were older than 30 years or had precipitating factors before onset; the relapse rate was about 15 percent Of the patients without maintenance treatment, those who had the worst outcome (relapse rate > 80%) were not diagnosed as residual type, were not having their first manifestation, and had suffered psychiatric or developmental disturbances in their childhood (see figure 1) .
The CART analysis on the outcome variable rehospitalization rate produced an even longer binary tree. Again medication was put at the first level and showed the impact described previously. Similarly, patients on maintenance treatment had the best outcome if they were older than 40 years or if they were not married and had further precipitating factors (rehospitalization rate < 10%). In the patients with no maintenance treatment, once again the risk factors, not the first manifestation and psychiatric or developmental disturbance in childhood, predicted negative outcome. The psychosocial risk factor 0-15 years, which appeared in the second step of the analysis, turned out to have high impact on the outcome; those patients with this risk factor whose current manifestation was not the first and who had disturbances in childhood or a strong religious faith had a rehospitalization rate of 73.7 percent (see figures 2a and 2b) .
Discussion
Our investigation is limited by the fact that it was not initially undertaken as a predictor evaluation, but rather as a treatment study. Therefore, a number of important predictor variables are not included. In addition, a fact that must be considered is that only patients with a stable course of the disease during a 3-month phase before entering the study were included. Thus, our sample is a selected one; the most severely ill patients did not fulfill the stable disease criterion and were excluded from the study.
On the other hand, the documentation of the case histories, psychopathology, and psychosocial items was very extensive and differentiated. Beyond that, the sample of 354 schizophrenia patients in a 2-year followup study is one of the largest ever investigated in predictor research. For the first time, CART analysis was applied for multivariate statistics. Such an analysis has two limitations: (1) among a large number of variables, a variable might show up in the tree by accident, and (2) the impact decreases with every step of the analysis. However, application of CART analysis in our study proved to be useful for predictor research and yielded highly informative results. First of all, in the univariate as well as in the multivariate analyses, the neuroleptic treatment strategy turned out to be the most important predictor. Maintenance treatment predicted the best outcome, whereas early intervention and crisis intervention treatment strategies predicted a poor one. This observation was reported by Pietzcker et al. (1993) and is in agreement with the results of previous studies on medication strategies of the Berlin research group (Gaebel and Pietzcker 1985a and those of other investigators (Carpenter et al. 1990; Jolley etal. 1990; Herzetal. 1991) .
Regarding onset and previous course of the disease, precipitating factors before onset marginally failed to reach significance in predicting relapse in the univariate analysis (p = 0.052), but showed up in both of the CART trees, predicting better outcome in patients on maintenance treatment. This relationship can be considered as well established (Vaillant 1964; Moller et al. 1982; Jonsson and Nyman 1991) . In the multivariate analyses, first manifestation of the disease was connected with a better outcome in some groups of the patients. This is not surprising, because it is known that 20 to 29 percent of schizophrenia patients do not have another episode after the first one (Ciompi 1988) . Previous hospitalization is known to be a valid predictor of outcome (MOller et al. 1982; Biehl et al. 1986; Carpenter and Strauss 1991; Mortensen and Eaton 1994) . Our evaluation confirmed this fact, while absence of hospitalization during the preceding year turned out to be one of the most significant predictors for rehospitalization rate (p = 0.006). A suicide attempt in the case history is a highly significant predictor of a greater rehospitalization rate (p = 0.008), possibly because suicide attempts are more frequent in severe forms of the disease characterized by torturing, acute psychotic symptoms, or a chronic course with increasing disability (all suicide attempts took place before the evaluation period, and only one patient committed suicide within the study period).
As far as psychopathology is concerned, only two diagnostic categories showed predictive impact on the outcome. One of these, the diagnosis of residual type, was connected with a lower relapse rate. These patients did not show significant changes in their psychopathology and did not fulfill our criteria of relapse, because they suffered from a stable course with chronic disability. Thus, the outcome for these patients should be regarded as negative.
The diagnosis of schizoaffective disorder predicted a worse outcome in both of the univariate analyses, in contrast to the well-established view that affective symptoms (especially depression) in schizophrenia are connected with a better outcome (Vaillant 1964; Jonsson and Nyman 1991; Geddes et al. 1994) . This discrepancy can be most easily explained by the characteristics of our outcome criteria; the schizoaffective disorder in some aspects is related to affective psychoses and is known to show a course with phases that are more frequent, but shorter and definable and with less chronicity and disability (Tolle 1994) . In this way, because of their changing psychopathology, patients with the diagnosis schizoaffective disorder are more likely to meet the criteria for relapse and to need repeated hospitalizations. Outcome in areas like social adjustment or employability will, however, be better for them than for patients with some other form of schizophrenia.
Surprisingly, a strong religious faith predicted a negative outcome. We think this result should be noted with some caution: first, because of the general problem of validly operationalizing religious faith, and secono CGI) did not significantly predict outcome. In our opinion there might be two reasons why absolute BPRS/CGI scores and changes in the BPRS/CGI scores did not show a significant correlation in our investigation: First, in the long evaluation period of 2 years, short-term changes were lost; second, since our sample was very large and homogeneous, different correlations in different subgroups might have neutralized each other in the group statistics.
In the area of social adjustment, a few apparently partially inconsistent items with predictive power were found on minor levels of the CART trees. From the literature, we know that living in a partnership predicts a better outcome (MSller et al. 1982; Biehl et al. 1986 ). In the frame of the CART analysis, in our sample "being married" coincides with a higher rehospitalization rate in one group of patients, whereas "being unmarried" predicts the same in another group. Most likely these results are due to the fact that groups on lower levels of the CART analysis differ greatly from the characteristics described on the higher levels of the CART tree; thus, these results should be compared with caution. Additionally, it is important to mention that in the not married and not unmarried groups, all patients who are widowed, divorced, or separated are included; thus, it is possible that they are living in a new partnership. (Unfortunately, anamnestic data regarding the marital status of the patients were collected and operationalized only once, at the beginning of the investigation.) It could be hypothesized that in these groups a lot of patients have stable relationships without being married or while going through divorce procedures.
Another inconsistency appears with regard to the length of time patients held a job in the preceding year. More than 9 months of employment predicted a higher relapse risk in one group of patients, while the same item coincided with a lower rehospitalization rate in another group. This discrepancy is hard to interpret In our view it can only result from accidental distributions that cannot be deduced from the statistics. However, in view of the repeated reports that occupational disintegration is a predictor of negative outcome, a longer period of employment can be safely viewed as a reliable predictor of lower rehospitalization rate (Mdller et al. 1982; Buchkremer et al. 1991; Jonsson and Nyman 1991; Scottish Schizophrenia Research Group 1992) . The fact that a high intensity of life predicts a lower rehospitalization rate in some patients was as little surprising as the predictive power of the Phillips score with regard to the relapse risk (Harris 1975; MSller et al. 1984) .
Two significant predictors are associated with experiences in childhood and premorbid life. The psychosocial risk factor we defined from traumatic experiences like death or divorce of parents, separation from parents, or a stay in a children's asylum almost reached significance for ages 0 to 5 years in predicting rehospitalization rate (p = 0.06). The same factor in the age group 0 to 15 years showed up on a very high level in the CART analysis and significantly worsened the prognosis for rehospitalization in a large group of patients.
Two smaller groups of patients with psychiatric or developmental disturbances in childhood, such as elimination disorders or motor skill disorders, had worse outcomes than those with traumatic experiences in both of the CART analyses. In our opinion these findings strongly support the vulnerability-stress model of schizophrenia first presented by Zubin and Spring in 1977 and developed further by subsequent investigators (Nuechterlein and Dawson 1984) . In this model, early traumatic experience as well as developmental or neurotic disturbances in childhood would produce a vulnerability that-together with a genetic disposition-paved the way for manifestation of the disease, especially in situations of psychosocial stress.
As far as biological (genetic) factors are concerned, our evaluation confirmed some well-known results: female gender was connected with a significantly lower rehospitalization risk (Angermeyer et al. 1989) , the factor of age older than 40 years reduced the risk of rehospitalization, and the factor of age older than 30 was associated with a decreased relapse rate in patients on maintenance treatment (see MOller et al. 1982; Jonsson and Nyman 1991; Mortensen and Eaton 1994) .
We also employed logistic regression analyses (data not shown in detail). These analyses confirmed some of the previously mentioned results. The neuroleptic treatment strategy showed the greatest effect on both outcome variables: older age and female gender predicted a lower rehospitalization rate, and psychosocial risk factor 0-15 years and suicide attempts in the case history predicted a higher one. The diagnosis "residual type" was connected with a lower relapse rate.
Essentially, on the basis of a very large sample size, our investigation confirmed some of the currently accepted views in schizophrenia research. It was shown that once schizophrenia became manifest, the neuroleptic treatment strategy applied is the most important predictor of outcome. In addition, predictors in several different areas like psychopathology, social adjustment, and biology were found, which support the theory of a multifactorial etiology. The influence of traumatic experiences and neurotic or developmental disturbances in childhood on the outcome in schizophrenia confirms the vulnerabilitystress model of schizophrenia. Our goal is to emphasize the importance of viewing, treating, and investigating schizophrenia in a broad multidimensional manner. Progress in treatment and investigation will only be possible by integrating such distinct dimensions as biology and psychosocial influences.
